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A pSET152 derivative vector marked with
thiostrepton resistance gene for introducing DNA
into Streptomyces
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Abstract: [Objective] In the PCR-targeting system of Streptomyces, apramycin is the most
widely used selection marker. However, using apramycin as selection marker at disruption
stage precludes, during subsequent genetic complementation, the use of some very useful and
widely used vectors with the same marker, such as pSET152. This often caused unwanted in-
convenience, especially in the situation that the physiological function of interested gene is
sensitive to gene dosage, such as regulatory genes. The current study aims to provide an inte-
grative plasmid with selection marker rather than apramycin. [Methods] Fusion-PCR and X
Red recombination were adapted to construct the new vector. [Results] The bla gene from
pCR2.1 and the tsr gene from pHZ1358 were fused in the tsr-bla order. This fused fragment
replaced the aac(3)-1V gene on pSET152 to generate pGIM6626. This new vector was vali-
dated by successfully restoring granaticin production of a granaticin-deficient S. viethamensis
mutant by re-introducing the deleted minimal polyketide synthase genes. [Conclusion] We
constructed a new pSET152 derivative vector, pGIM6626, which contains ampicillin and thio-
strepton resistance genes for selection in E. coli and Streptomyces, respectively. pGIM6626
and pSET152 have similar uses, but the former is more compatible with the PCR-targeting
system because of no conflict of selection marker.
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1 Introduction

The genetics of Streptomyces has received
much attention in the last few decades because of
the growing interests in understanding the mecha-
nisms underlying their complex life cycles and the
biosynthesis of their secondary metabolites. Gene
disruption is one of the most important and efficient
strategies to unveil the physiological roles of inter-
ested genes. In this strategy, a subsequent functional
complementation experiment is routinely required
to exclude any possible deleterious effect on other
genes caused by the disruption itself. For gene dis-
ruption, many vectors and other genetic tools have
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been developed. Particularly, the adaptation to
Streptomyces of A Red mediated recombination
(called PCR-targeting system) has much facilitated
the generation of specific mutants™. This technol-
ogy has since become a preferred disruption
method. For gene complementation, there are two
types of plasmids available: the auto-replicating
plasmids and the integrative plasmids. However,
when the physiological function of interested gene
is sensitive to gene dosage, such as regulatory
genes, the integrative plasmids are more feasible.
Unfortunately, the integrative plasmids are rela-
tively rare and most of which are apramycin resis-
tant, such as the widely used pSET152%. In the
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PCR-targeting system, apramycin is also the most
widely used selection marker, though a serial of
disruption cassettes containing different resistance
markers have been constructed by the establisher.
This is because, like the thiostrepton resistance gene
tsr, the apramycin resistance gene aac(3)-1V pro-
vides very clean selection at single copy™. In the
PCR-targeting system, although reusing the same
selection marker both in disruption and comple-
mentation stages can be achieved by excision of the
resistance gene before complemental experiment,
removal of the resistance gene is often laborious,
and sometimes impossible because the recombina-
tion efficiency of FLP recombinase varies markedly
in different Streptomyces strains.

To provide an integrative plasmid with selec-
tion marker rather than apramycin, we set out to
construct a pSET152 derivative, pGIM6626, which
contains thiostrepton and ampicillin resistance
genes. This novel plasmid was validated by restor-
ing granaticin production in a granaticin-deficient
mutant of S. vietnamensis.

2 Materials and methods

2.1 Plasmids, strains, primers and culture
conditions

All plasmids, strains and primers used in this
study are as described in Table 1. Luria-Bertani (LB)
medium and SOB medium were used for growing
Escherichia coli strains'®. For induction of the ex-
pression of A Red genes, L-arabinose (10 mmol/L
final concentration) was added to SOB medium
from a 1 mol/L filter-sterilized stock solution. S.
vietnamensis strains were grown at 30 °C on Gauze’s
synthetic agar for spore preparation or in YEME
liquid for mycelium growth®. YD agar medium was
used to screen exconjugant during the intergeneric
conjugation experiment®. Ampicillin (50 mg/L),
apramycin (50 mg/L), chloramphenicol (25 mg/L),
kanamycin (50 mg/L) or thiostrepton (15 mg/L)
were added to growth media when required.
2.2 Construction of pGIM6626

General DNA manipulations were carried out
according to standard procedures”. DNA from
agrose gel was purified using a gel extraction kit

(SK8142, Sangon, Shanghai, China). Plasmid
pHZ1358 and pCR2.1 were digested with EcoR I/
Hind 111 and EcoR I, respectively. Then the frag-
ments containing the tsr gene (from pHZ1358) or
the bla gene (from pCR2.1) were recovered and
used as templates. Primer pairs Red-tsrF/TsrR and
Tsr-ampF/Red-ampR (listed in Table 1) were respec-
tively designed for amplification of the tsr and the bla
genes, and reactions were performed with KOD DNA
polymerase (Code KOD-101, Toyobo, Japan). PCR
conditions for amplification of the bla gene were as
follows: predenaturation at 95 °C for 3 min, then 7
cycles of 94 °C for 30 s, 53 °C for 30 s and 72 °C for
40 s, followed by 23 cycles of 94 °C for 30 s, 58 °C
for 30 s and 72 °C for 40 s, with a final extension at
72 °C for 10 min. For amplification of the tsr gene, the
annealing temperature of the first 7 cycles and the
subsequent 23 cycles were changed to 57 °C and
62 °C, respectively. The amplified marker genes were
purified and subjected to a PCR-fusion procedure. The
amplified bla cassette overlaps 29 bp at the 5 end
with the 3’ end of the tsr gene, which allows these two
PCR fragments to be ligated into one in the tsr-bla
order by a PCR reaction. The reaction mixture without
primers underwent an initial denaturation period at
96 °C for 3 min, followed by 6 cycles of 96 °C for
355, 58 °C for 50 s and 72 °C for 1 min, then was
immediately cooled down to room temperature for
1 min to allow the primers Red-tsrF and Red-ampR to
be added. The reaction mixture with primers contin-
ued to go through 24 cycles of 96 °C for 35 s, 62 °C
for 50 s and 72 °C for 1 min, which followed by a fi-
nal extension at 72 °C for 10 min.

The fused fragment (the tsr-bla cassette) was
gel-purified, precipitated with ethanol, then dis-
solved in a minimum of sterile distilled water and
used to replace the aac(3)-1V gene on pSET152.
The replacement was mediated by A Red recombi-
nases. The basic procedure of recombination was as
described by Gust et al*¥, but with some modifica-
tions. Briefly, the pSET152 plasmid was trans-
formed by the heat-shock method into chemically
competent BW25113/plJ790 cells. The resulting
BW25113/plJ790/pSET152 was electrically trans-
formed with the purified tsr-bla cassette. Because

http://journals.im.ac.cn/wswxtbcn



1244 WAEY) #iE 4 Microbiol. China 2013, \ol.40, No.7

Table 1 Plasmids, strains and primers used in this study

R1 AMRPAABHRL. HKF54

Strain/Plasmid/Primer Description Reference/Source/Remark
Plasmids

pSET152 Aac(3)-1V, lacZa, repP’S, attp®®3!, oriT [2]

pHZ1358 plJ101 derivative; tsr, Ltz sti, oriT [6]

pCR2.1 bla, neo; TA cloning vector Invitrogen

puZ8002 tra, neo, RP4; helping plasmid for conjugation [7]

plJ790 A-Red (gam, bet, exo), cat, araC, rep101" [1]

pGIM6626 tsr, bla, lacZa, repPUS, attp?®*, oriT This study

pGIM-pks pGIM6626 inserted with the gra-orfl,2,3 fragment This study
Strains

S. vietnamensis

GIMV4.0001 Wild type [8]
DMR1 Agra-orfl,2,3::(oriT-aac(3)1V) [9]
DMR1C Agra-orfl,2,3::(oriT-aac(3)-1V), Aattp:: gra-orfl,2,3 This study
E. coli
JM109 endAl, recAl, gyrA96, thi-1, hsdR17(r—, mg+), relAl, supE44, A(lac-proAB), [10]
[F', traD36, proAB, lacl9ZAM15]; general cloning strain
BW25113 AaraBAD, ArhaBAD; for A Red recombination [11]
Primers
Red-tsrF TATGATCGACTGATGTCATCAGCGGTGGAGTGCAATGTCATGACTGAG 39 nt (underlined) up-
TTGGACACCAT stream of aac(3)-1V on
pSET152
Red-ampR CTTGCCCCTCCAACGTCATCTCGTTCTCCGCTCATGAGCTTACCAATGC 39 nt (underlined)
TTAATCAGTG downstream of
aac(3)-1V on pSET152
TsrR TTATCGGTTGGCCGCGAGAT Paired with Red-tsrF to
amplify tsr
Tsr-ampF TCGACAGGAATCTCGCGGCCAACCGATAAATTGAAAAAGGAAGAGTA 29 nt (underlined)
TG identical to the 3’ end

of tsr, paired with Red-
ampR to amplify bla
COMpksF CTAGTCTAGACTCGTCTCCCTTGGGTTCCT Xba | (underlined), for
complementational
plasmid construction
COMpksR CCGGAATTCGGGCGTACTCCTTGGAC EcoR | (underlined),
for complementational
plasmid construction
Gra-orf2F GGGCCAGATCGACGACTTC The PCR product span-
ning gra-orf2 and
Gra-orf3R GACGAGGATGGTGCGCAGTA gra-orf3, for detecting
the existence of the
minimal PKS genes for

granaticin
there were 39 bp of homologies to the flanking re- would be replaced by the tsr-bla cassette after in-
gions of the aac(3)-1V gene on pSET152 at both duction of expression of A Red genes. The ampicil-
ends of the tsr-bla cassette, the aac(3)-IV gene lin-resistant transformant was grown in liquid LB,
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and subjected to plasmid extraction. The resulting
plasmid preparation was a mixture of wild
pSET152 and mutagenized pSET152 (i.e.,
pGIM6626). These mixed plasmids were trans-
formed further into E. coli JM109. Plasmids ex-
tracted from the ampicillin-resistant transformants
in this round were considered as pure pGIM6626,
and were confirmed by restriction analysis.
2.3 Restoration of granaticin production of
S. viethamensis DMR1

S. vietnamensis DMR1 is a granaticin-deficient
mutant with deletion of the minimal polyketide syn-
thase (PKS) genes for granaticin®™. In order to con-
firm its effectiveness, pGIM6626 was used to
re-introduce the three minimal PKS genes, gra-orfl,
gra-orf2 and gra-orf3, into this mutant. Genomic
DNA of S. vietnamensis was isolated as described
elsewherel®, Primers COMpksF and COMpksR
(listed in Table 1) were designed to amplify the three
genes. Long PCR was performed using LA Tag DNA
polymerase (DRRO2AG, TaKaRa, China) as de-
scribed previously™. The PCR product contained
241 bp upstream from the start codon of gra-orfl, the
three minimal PKS genes and 131 bp downstream
from the end of gra-orf3. The amplified fragment
was 3 169 bp long and flanked by Xba | and EcoR |
restriction sites at the upstream and downstream
ends, respectively. This fragment was digested with
Xba | and EcoR 1, then recovered and ligated to
Xba I/EcoR I-digested pGIM6626. The resulting
plasmid pGIM-pks was confirmed by restriction
analysis and sequencing, then introduced into E. coli
ET12567/pUZ8002. The intergeneric conjugation
between E. coli ET12567/pUZ8002/pGIM-pks and
S. vietnamensis DMR1 was done on YD agar me-
dium as described previously®. Putative exconju-
gants were screened by thiostrepton. The putative
complementants were verified by both phenotype
and genotype analysis. The purified thiostrep-
ton-resistant  exconjugants were streaked onto
Gauze’s synthetic plate to test the ability to produce
granaticin. The characteristic violet-blue color of
granaticin was observed by naked eye. The strains
producing granaticin were subjected to PCR valida-
tion. The specific primer pair Gra-orf2F/Gra-orf2R

(listed in Table 1) was designed to detect the exis-
tence of the minimal PKS genes for granaticin.

3 Results and discussion

3.1 Construction of pGIM6626

Many Streptomyces species hold an attB locus
in their chromosomes™, therefore integrating vec-
tors based on the ¢C31 int/attP are employed
widely in the genetic analysis of Streptomyces spe-
cies. The most widely used integrating vector,
pSET152, uses apramycin as selection marker,
which is also the most popular selection marker in
the PCR-targeting system. To improve the compati-
bility between the integrating vectors and the
PCR-targeting system, the thiostrepton resistance
gene tsr, which is not used in the PCR-targeting
system, was adopted to construct a novel
pSET152-based vector. The construction scheme is
presented in Fig. 1. The tsr gene was amplified
from pHZ1358 by PCR (Fig. 2A). The resulting
fragment is 849-bp long and the first 39 bp at the 5’
end are identical to the upstream sequence of the
aac(3)-1V gene on pSET152. Because E. coli strains
are not sensitive to thiostrepton, another resistance
gene must be included to allow DNA manipulation
in E. coli. A fragment from pCR2.1 containing the
ampicillin resistance gene bla and 17 bp upstream
from the start codon of bla was amplified (Fig. 2A).
The amplified 947-bp long fragment overlapped 29
bp at the 5’ end with the 3’ end of the tsr gene, and
had a 39-bp homologous region at the 3’ end to the
downstream sequence of the aac(3)-1V gene on
pSET152. The 29-bp overlap allowed the amplified
tsr and bla fragments to be ligated to form a tsr-bla
cassette by a fusion PCR (Fig. 2A). This 1 767-bp
cassette contained a 39-bp homologous region at
each end to the flanking sequences of the aac(3)-1V
gene on pSET152, and underwent a A Red recom-
bination process to replace the aac(3)-1V gene on
pSET152. This new generated plasmid was pre-
dicted to possess ampicillin and thiostrepton resis-
tance genes for selection in E. coli and Streptomyces
spp., respectively. It was confirmed by restriction
analysis (Fig. 2B), and thus was designated as
pGIM6626.
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Fig. 1 Scheme for the construction of pGIM6626
1 pGIM6626 HEREE
Note: The tsr and the bla genes were amplified from pHZ1358 and pCR2.1, respectively. These two amplified fragments were fused
by PCR through a 29-bp-overlap between them. The resulting tsr-bla cassette had a 39-bp homologous region at each end to the
flanking sequences of the aac(3)-1V gene on pSET152, then it was used to replace the aac(3)-1V gene on pSET152 by A Red recom-

bination to generate pGIM6626.

3.2 Restoration of granaticin production of

S. viethamensis DMR1
S. vietnamensis DMR1 was constructed previ-

ously by replacement of the minimal PKS genes for
granaticin with the aac(3)-1V gene using the
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PCR-targeting system!®.. To restore granaticin pro-
duction, the three minimal PKS genes, gra-orfl,
gra-orf2 and gra-orf3, were amplified from the
wild-type genome of S. vietnamensis and inserted
into pGIM6626 between Xba | and EcoR 1 sites.
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Fig. 2 The construction of pGIM6626
2 pGIM6626 #J3E H ik E
Note: A: Amplification of the tsr and the bla gene, and their fusion. M: DS5000 DNA marker; 1: tsr gene; 2: bla gene; 3: The fused
tsr-bla cassette. B: Comfirmation of the successful construction of pGIM6626 by restriction analysis. M: 1 kb ladder DNA marker; 1:
pSET152 digested with BamH I; 2, 3: pGIM6626 digested with BamH 1.

The successful complementation of the minimal
PKS genes was confirmed by PCR and observation
of granaticin production. As shown in Fig. 3A, the
minimal PKS genes were detected in the comple-
mented strain DMR1C. The secretion of violet-blue
pigment of DMR1C on Gauze’s synthetic plate
showed clearly that this strain restored granaticin
production (Fig. 3B).

4 Conclusion

We have constructed a new pSET152 deriva-
tive vector, pGIM6626, which contains ampicillin
and thiostrepton resistance genes for selection in E.
coli and Streptomyces, respectively. pGIM6626 and
pSET152 have similar uses in the genetic analysis
of Streptomyces species. But pGIM6626 is more
compatible with the PCR-targeting system because
of no conflict of selection marker.
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Fig. 3 Restoration of granaticin production of S. viet-
namensis DMR1
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Note: A: Detection of the existence of the minimal polyketide
synthase (PKS) genes in the genome of the complemented
strain DMR1C. M: DS5000 DNA marker; 1: S. vietnamensis
wild type; 2: S. vietnamensis DMR1 (granaticin-deficient mu-
tant); 3: S. vietnamensis DMR1C (the complemented strain). B:
S. vietnamensis wild type (WT), DMR1 and DMR1C grown on
Gauze’s synthetic agar. The cultures were 3 d old. The
granaticin-deficient mutant DMR1 didn’t produce any blue
pigment (granaticin), while the complemented strain DMR1C
restored granaticin production near to the level of wild type.
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